
Changes in the MJO under Greenhouse Gas-Induced Warming in CMIP5 Models

Research Question: How does the MJO’s behavior change in a warmer climate?
Objective: The goal of this study is to explain changes in the MJO characteristics due to a greenhouse gas-induced global warming.
Analysis: We use wavenumber-frequency filtering to obtain the MJO’s amplitude, phase speed, and zonal wavenumber over four 20-year 
periods of the Representative Concentration Pathway 8.5 simulation in five Coupled Model Intercomparison Project Phase 5 models.  We 
seek to explain the changes in the MJO phase speed using the linear moisture mode theory for the MJO by calculating the percentage 
changes of the meridional moisture gradient, gross dry stability, convective moisture adjustment timescale, and zonal wavenumber.  
Findings: The MJO’s amplitude and phase speed increase in a warming climate.   The MJO’s amplitude increase is likely due to increases in 
the background precipitation variability.  The MJO’s phase speed increase can be explained using the linear moisture mode theory as a 
result of an increases in the meridional humidity gradient, the gross dry stability, convective moisture adjustment timescale, and the 
decrease in zonal wavenumber (Table below). 
Significance: This study provides a theory-based explanation of the MJO’s acceleration in a warmer climate
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wavenumber,which determine the rate ofmoistening and
drying around MJO moisture anomalies. The gross dry
stability and moisture gradient exhibit an increase with
warming, as expected from previous studies (Maloney
and Xie 2013; Chang et al. 2015; Collins et al. 2013; Held
and Soden 2006; Adames et al. 2017b). With the excep-
tion of MRI-GCGM3, the convective moisture adjust-
ment time scale also increases in the CMIP5 models.
The multimodel mean shows that changes to the key

parameters and MJO zonal wavenumber in CMIP5
models can explain changes in the phase speed. The
changes in the gross dry stability and convective mois-
ture adjustment time scale slow down the MJO propa-
gation, while the changes in the mean moisture gradient
and MJO zonal wavenumber lead to an increase in the
MJO phase speed. The latter two variables dominate
the changes to the MJO phase speed in the CMIP5
models, leading to an increase in the phase speed of the
MJO. Thus, our results suggest that the moisture mode
framework and the Adames and Kim (2016) frame-
work can adequately explain how the MJO responds
to increasing CO2, at least from the point of view of a
multimodel ensemble.
The phase speed increase with warming in the CMIP5

models has a similar rate to the NASA GISS model,
which shows an increase at a rate of;3.3%K21 (Adames
et al. 2017a). The models agree with the NASA GISS
modelmeridionalmoisture gradient change (;6.9%K21).
Changes in MRI-CGCM3 are much smaller than the
other CMIP5 models, which shows comparatively small
changes along the equatorial warm pool (Fig. 8). The
gross dry stability in the CMIP5 models increases at a
similarmagnitude to theNASAGISSmodel (;4.0%K21).
The NASAGISS model’s convective moisture adjustment
time scale increases at a rate of ;5%K21 (Adames et al.
2017b), which is larger than the increase in all of themodels
consideredhere, except IPSL-CM5B-LR.Last, the changes
in the MJO zonal wavenumber are generally smaller than
those found in the NASA GISS model (22.8%K21;
Adames et al. 2017a).

The convective moisture adjustment time scale can be
altered by overall changes in the moisture–precipitation
relationship as well as changes to the mean precipitation
(which changes the reference CRH) or changes in the
mean saturation specific humidity. The increase in the
convective moisture adjustment time scale seen in
the models can be attributed to large changes in hqsi,
in agreement with Adames et al. (2107b). The changes
associated with the moisture–precipitation relationship
may also be affected by the changes to the stability of
the atmosphere and the horizontal advection of mois-
ture, which can act to suppress or drive convection. It
would be of interest to examine in closer detail the
physical driver of changes to the nonlinear moisture–
precipitation relationship.
The MJO zonal wavenumber is another interesting

component of this study, as its changes, in part, drive the
MJO phase speed changes, but it may also be influenced
by the mean state. For instance, changes in the static
stability of the atmosphere or mean moisture gradients
can alter the horizontal scale of moisture and heating
anomalies that would modulate the scale of the MJO.
There is currently no clear mechanism that could ex-
plain why the MJO increases in scale with warming.
Future research may shed some light onto how the MJO
scale is selected and how greenhouse gas–induced
warming affects this scale.
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TABLE 2. Percentage changes per kelvin of surface warming for phase speed calculated from the models [dln(cMJO)/dTs]a and phase

speed predicted by Eq. (3) [dln(cMJO)/dTs]p. The predicted value is the sum of the percentage changes of the meridional humidity gra-

dient (dln›yhqi/dTs), gross dry stability (2dlnMs/dTs), convective moisture adjustment time scale (2dlntc/dTs), and zonal wavenumber
(22dlnk/dTs). The first row shows the multimodel mean changes, and subsequent rows are the results for the individual models.
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All models 2.44 2.55 6.56 23.67 23.14 2.80
CMCC-CM 2.27 2.24 6.47 23.85 22.10 1.72
CMCC-CMS 2.33 2.15 7.39 24.02 23.87 2.65
CNRM-CM5 4.56 5.49 6.95 22.63 22.54 3.71
MRI-CGCM3 2.62 3.65 4.29 22.90 1.24 1.02
IPSL-CM5B-LR 1.80 21.03 6.67 23.63 27.89 3.82
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Table: Percentage changes per kelvin of surface warming 
for phase speed calculated from the models (1st column) 
and phase speed predicted in this study(2nd column). The 
predicted value is the sum of the percentage changes of 
the meridional humidity gradient (3rd column), gross dry 
stability (4th column), convective moisture adjustment 
time scale (5th column), and zonal wavenumber (6th

column). The first row shows the multimodel mean 
changes, and subsequent rows are the results for the 
individual models. 
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